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© Anti-human ceruloplasmin monoclonal antibody. 



© Disclosed is a monoclonal antibody which spe- 
cifically reacts with active human ceruloplasmin as 
well as a method for diagnosing Wilson's disease 
using the same. The monoclonal antibody of the 
present invention specifically reacts with active hu- 
man ceruloplasmin, it neutralizes the peroxidase ac- 
tivity of the active human ceruloplasmin upon bind- 
ing thereto, and it does not specifically react with 
inactive human ceruloplasmin. 
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BACKGROUND OF THE INVENTION 

I* Field of the Invention 

This invention relates to a monoclonal antibody 
specific to active human ceruloplasmin, a method 
for detecting or quantifying human ceruloplasmin 
using the same, and to a method for diagnosing 
Wilson's disease using the same. 

II. Description of the Related Art 

Ceruloplasmin is a kind of plasma proteins, 
which is found in a 2 microglobulin fraction. It is a 
copper-containing glycoprotein, of which level in 
normal human serum is 20 - 50 mg/dl. Therefore, it 
plays an important role in the metabolism of cop- 
per. The ceruloplasmin level in serum of a patient 
suffering from Wilson's disease or an infectious 
disease, or of a pregnant woman is different from 
that of normal human, so that quantification of 
human ceruloplasmin may be used for the diagno- 
sis of these diseases and pregnancy. 

Wilson's disease is caused by decrease in 
ceruloplasmin activity and exhibits brain and liver 
disorders. Although it used to be believed that this 
disease is caused by decrease of ceruloplasmin 
per se , recently, it was shown that this disease is 
caused by inactive ceruloplasmin (i.e., sharp de- 
crease of active ceruloplasmin) (36th Japan Human 
Genetics Society, October, 1991). Thus, a method 
for directly or indirectly measuring inactive or ac- 
tive human ceruloplasmin is desired. Wilson's dis- 
ease is one of the rare diseases which is curable 
by using a chelating agent if the disease is found 
when the patient is an infant, so that it is desired to 
detect this disease when the patient is an infant. 
However, since the ceruloplasmin activity is intrinsi- 
cally low in infancy, so that it is difficult to detect 
this disease. 

It has been proposed to measure ceruloplas- 
min by measuring the peroxidase activity of 
ceruloplasmin (Schosinsky et al., Clin. Chem.. 201, 
1974). However, since there is no substrate which 
is specific to ceruloplasmin alone, it is impossible 
to specifically quantify ceruloplasmin alone. Fur- 
ther, since this method has low sensitivity, it is 
impossible to distinguish Wilson's disease patient 
from normal person when the patient is an infant. 

It has also been proposed to measure human 
ceruloplasmin by using a polyclonal antibody spe- 
cific to human ceruloplasmin (Nippon Rinsho, Vol. 
47, Extra Number, p.758, 1989). However, poly- 
clonal antibody specifically reacts with not only 
active ceruloplasmin but also with inactive 
ceruloplasmin, it is difficult to distinguish Wilson's 
dis ase patient from normal person. A monoclonal 
antibody specific to human ceruloplasmin has also 



been reported (Biokhimiya, Vol. 55, No. 2, 361-367 
(1990)). However, since this monoclonal antibody 
also reacts with both active and inactive human 
c ruloplasmin, this monoclonal antibody also can- 
5 not be used for the detection of Wilson's disease. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
w is to provide a monoclonal antibody which specifi- 
cally reacts with active human ceruloplasmin alone. 

Another object of the present invention is to 
provide a method for detecting or quantifying ac- 
tive human ceruloplasmin. 
75 Still another object of the present invention is 

to provide a method for diagnosing Wilson's dis- 
ease with high sensitivity. 

That is, the present invention provides a mon- 
oclonal antibody which specifically reacts with ac- 
20 tive human ceruloplasmin, which neutralizes the 
peroxidase activity of the active human ceruloplas- 
min upon binding thereto, and which does not 
specifically react with inactive human ceruloplas- 
min. 

25 The present invention also provides a method 
for detecting or quantifying active human 
ceruloplasmin comprising carrying out an im- 
munoassay utilizing the specific binding reaction 
between the monoclonal antibody of the present 

30 invention with active human ceruloplasmin. 

The present invention further provides a meth- 
od for diagnosing Wilson's disease comprising 
quantifying active human ceruloplasmin in a human 
body fluid by an immunoassay utilizing the specific 

35 binding reaction between the monoclonal antibody 
of the present invention with active human 
ceruloplasmin contained in the body fluid. 

By the present invention, a monoclonal anti- 
body which specifically reacts with active human 

40 ceruloplasmin but not with inactive human 
ceruloplasmin was first provided. The monoclonal 
antibody of the present invention specifically reacts 
with only the active human ceruloplasmin, so that 
by the immunoassay utilizing this monoclonal anti- 

45 body, active human ceruloplasmin alone can be 
quantified. Therefore, by using the monoclonal anti- 
body of the present invention, Wilson's disease can 
be detected with high sensitivity. Particularly, as 
shown in the Examples described below, infant 

so patients suffering from Wilson's disease were de- 
tected by the method of the pr sent invention. 
Thus, the present invention will largely contribute to 
the diagnosis of Wilson's disease and other dis- 
eases associated with the change in amount of 

55 c ruloplasmin. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows electrophoretic pat- 
tern indicating the results of examination of the 
peroxidase activity-neutralizing abilities of mon- 
oclonal antibodies; 

Fig. 2 shows a calibration curve obtained by 
measuring known amounts of human ceruloplas- 
min using monoclonal antibody CP4 according 
to the present invention; 

Fig. 3 graphically shows a comparison between 
the ceruloplasmin protein levels and the active 
ceruloplasmin levels in normal human deter- 
mined by sandwich ELISA according to an ex- 
ample of the present invention; 
Fig. 4 graphically shows a comparison between 
the ceruloplasmin protein levels and the active 
ceruloplasmin levels in patients suffering from 
Wilson's disease determined by sandwich 
ELISA according to an example of the present 
invention; 

Fig. 5 graphically shows the active ceruloplas- 
min levels in sera of normal human and of 
patients suffering from Wilson's disease, which 
were determined by sandwich ELISA according 
to an example of the present invention; 
Fig. 6 graphically shows the active ceruloplas- 
min levels in sera of normal newborns and of 
children suffering from Wilson's disease, which 
were determined by sandwich ELISA according 
to an example of the present invention; and 
Fig, 7 graphically shows the active ceruloplas- 
min levels in sera of normal newborns and of 
children suffering from Wilson's disease, which 
were determined by a conventional method us- 
ing a conventional polyclonal" antibody. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As mentioned above, the monoclonal antibody 
of the present invention specifically reacts with 
active human ceruloplasmin and neutralizes the 
peroxidase activity of the active human ceruloplas- 
min upon binding thereto, but does not specifically 
react with inactive human ceruloplasmin. In the 
Examples hereinbelow described, a monoclonal 
antibody CP4 which has the properties just men- 
tioned above was obtained. Hybridoma CP4 pro- 
ducing monoclonal antibody CP4 was deposited 
with NATIONAL INSTITUTE OF BIOSCIENCE AND 
HUMAN-TECHNOLOGY (formerly FERMENTA- 
TION RESEARCH INSTITUTE) of 1-3, Higashi 1- 
chome, Tsukuba-shi Ibaraki-ken 305 Japan on Au- 
gust 7, 1991 under the Budapest Treaty under an 
acc ssion number of FERM BP-4145. 

The monoclonal antibody of the present inven- 
tion may be obtained as follows: 



First, a mammal is immunized with active hu- 
man ceruloplasmin. Purified human ceruloplasmin 
including active human ceruloplasmin is commer- 
cially available from Sigma, Chemicon, Car- 

5 biochem. and so on and such a commercially avail- 
able human ceruloplasmin may be used as the 
immunogen. The mammal is not restricted and 
may be a primate, a rodent such as mouse, rat or 
rabbit, bovine, sheep, goat or dog. 

w Then antibody-producing cells such as spleen 
cells are removed from the immunized animal and 
are fused with myeloma cells. The myeloma cells 
are well-known in the art and p3x63-Ag8-653, NS-0, 
NS-1 or P3U1 cells may be used. The cell fusion 

15 operation may be carried out~by a well-known 
conventional methbd. 

The cells after being subjected to the cell fu- 
sion operation are then cultured in HAT selection 
medium so as to select hybridomas. Hybridomas 

20 which produce anti-human monoclonal antibodies 
are then screened. This screening may be carried 
out by, for example, sandwich ELISA (enzyme- 
linked immunosorbent assay) or the like in which 
the produced monoclonal antibodies are bound to 

25 the wells to which human ceruloplasmin is immo- 
bilized. In this case, as the secondary antibody, an 
antibody specific to the immunoglobulin of the im- 
munized animal, which is labelled with an enzyme 
such as peroxidase, alkaline phosphatase, glucose 

30 oxidase, 0-D-gaJactosidase or the like, may be em- 
ployed. The label may be detected by reacting the 
labelling enzyme with its substrate and measuring, 
the generated color As the substrate, 3,3-dia- 
minobenzidine, 2,2-diaminobis-o-dianisidine, 4- 

35 chloronaphthol, 4-aminoantipyrine, o- 
phenylenediamine or the like may be produced. 

By the above-described operation, hybridomas 
which produce anti-human ceruloplasmin anti- 
bodies can be selected. The selected hybridomas 

40 are then cloned by the conventional limiting dilution 
method or soft agar method. If desired, the cloned 
hybridomas may be cultured in a large scale using 
a serum-containing or a serum free medium, or 
may be inoculated into abdominal cavity of mice 

45 and recovered from ascites, thereby a large num- 
ber of the cloned hybridomas may be obtained. 

Among the thus selected anti-human 
ceruloplasmin monoclonal antibodies, those which 
have an ability to neutralize the peroxidase activity 

so of human ceruloplasmin are then selected. This 
may be carried out by forming an antigen-antibody 
complex between the purified human ceruloplasmin 
including active form and the monoclonal antibody 
of interest and then measuring the peroxidase ac- 

55 tivity of the complex by reacting it with a substrate 
such as 3-diaminobenzidine. If the antigen-antibody 
compl x do s not have th p roxidase activity, it 
means that the monoclonal antibody test d has an 
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ability to neutralize the peroxidase activity of hu- 
man ceruloplasmin. That is, the monoclonal anti- 
body specifically recognizes the peroxidas active 
site of activ human ceruloplasmin. Finally, the 
thus selected monoclonal antibody is then tested 
for its ability to specifically react with inactive hu- 
man ceruloplasmin. This can be also carried out by 
the above-mentioned sandwich ELISA or the like. If 
the monoclonal antibody does not specifically react 
with inactive human ceruloplasmin, the monoclonal 
antibody is the desired monoclonal antibody ac- 
cording to the present invention. 

By using the above-described monoclonal anti- 
body of the present invention, active human 
ceruloplasmin in a sample can be detected or 
quantified. The detection or quantification of the 
active human ceruloplasmin in a sample can be 
carried out by an immunoassay utilizing the spe- 
cific binding reaction between the monoclonal anti- 
body of the present invention and active human 
ceruloplasmin. Various immunoassays are well- 
known in the art and any of them can be em- 
ployed. Examples of the immunoassays include 
sandwich method employing the monoclonal anti- 
body and another monoclonal antibody as primary 
and secondary antibodies, respectively, sandwich 
method employing the monoclonal antibody and a 
polyclonal antibody as primary and secondary anti- 
bodies, staining method employing gold colloid, 
agglutination method, latex method and chemical 
luminescence. Among these, especially preferred 
is sandwich ELISA. As is well-known, in this meth- 
od, a primary antibody is immobilized on, for ex- 
ample, the inner wall of a well and then a sample is 
reacted with the immobilized primary antibody. 
After washing, a secondary antibody is reacted with 
the antigen-antibody complex immobilized in the 
well. After washing, the immobilized secondary 
antibody is quantified. As the primary antibody, an 
antibody which specifically reacts with both active 
and inactive human ceruloplasmins, especially 
monoclonal antibody CP3 which was prepared in 
the Examples hereinbelow described, may prefer- 
ably be employed. As the secondary antibody, 
monoclonal antibody CP4 mentioned above may 
preferably be employed. Alternatively, the primary 
antibody may be monoclonal antibody CP4 and the 
secondary antibody may be monoclonal antibody 
CP3. The quantification of the secondary antibody 
may be carried out by reacting a labelled antibody 
(e.g., enzyme-labelled antibody) specific to the im- 
munoglobulin of the animal from which the secon- 
dary antibody was obtained with the secondary 
antibody, and then measuring th label. Alternativ - 
ly, a labelled (e.g., nzyme-labelled) antibody is 
used as the secondary antibody and the quantifica- 
tion of the secondary antibody may be carried out 
by m asuring the label on the secondary antibody. 



According to the above-described method for 
quantifying active human ceruloplasmin in a sam- 
ple, diagnosis of Wilson's diseas can b attained 
by quantifying active human ceruloplasmin in a 

5 body fluid such as serum. By this method, even if 
the ceruloplasmin level is 5 mg/dl or less as in the 
case of the patient is an infant, the diagnosis of 
Wilson's disease can be attained. 

The invention will now be described by way of 

w examples thereof. It should be noted that the ex- 
amples are presented for the illustration purpose 
only and should not be interpreted in any restrictive 
way. 

is Example 1 Preparation of Monoclonal Antibody 
Specific to Active Human Ceruloplasmin 

(1 ) Immunization of Mice 

20 Human ceruloplasmin including active 

ceruloplamin (commercially available from Sigma) 
was mixed with an equivolume of Freund's com- 
plete adjuvant to form an emulsion. This emulsion 
was intraperitoneally administered to a mouse 

25 (BALB/c, female, 8 weeks old). Two weeks later, 
additional immunization was carried out with an 
emulsion of an equivolume mixture of human 
ceruloplasmin and Freund's incomplete adjuvant. 
Three or four days before the cell fusion described 

30 below, the antigen alone was administered to the 
mouse from its eyegrounds. 

(2) Cell Fusion 

35 Three to four days after the final immunization, 
spleen was taken out from the mouse immunized 
in (1). The spleen was disrupted by using a mesh 
and spleen cells were suspended in PBS. The 
spleen cells were mixed with myeloma cells 

40 (p3x63-Ag8-653) at a ratio of 10:1 and the resulting 
mixture was left to stand for 3 minutes in the 
presence of 50% polyethylene glycol. The resulting 
mixture was centrifuged at 1200 rpm for 8 minutes 
and the supernatant was removed. The cells were 

45 then suspended in HAT RPMI-1640 medium con- 
taining 10% FCS at a population density of 3.5 x 
10 6 cells/ml, and the resulting suspension was 
dividedly placed in the wells of a 96-wetl microtiter 
plate in an amount of 0.1 ml/well. The 96-well 

50 microtiter plate was incubated at 37°C under an 
atmosphere of 5% CCfe. After 2 - 3 days from the 
beginning of the incubation, 0:1 ml of HAT RPMI- 
1640 medium containing 10% FCS was added to 
each well and th n half of th medium was re- 

55 plac d every 3 - 4 days. After 7-10 days from the 
beginning of th incubation, colony formation was 
obs rved, and sufficient amount of antibody spe- 
cific to the immunogen was produced in at I ast 
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one well. The culture supernatants of the antibody- 
producing wells were then subjected to screening 
of antibody. 

(3) Screening 

The screening of the antibody was carried out 
by ELISA (Immunochemistry, 8:871-874, 1971). 
That is, to the wells of a 96-well microliter plate to 
which 50 ul of an antigen solution in PBS was 
preliminarily adsorbed, 50 ul of the culture super- 
natant was placed in each well, and the microtiter 
plate was incubated at 30°C for 2 hours. A solution 
of perbxidase-labelled anti-mouse immunoglobulin 
antibody was placed in each well and the microtiter 
plate was incubated at 30°C for 1 hour. Finally, o- 
phenylenediamine as a substrate was added. The 
presence or absence of the anti-human ceruloplas- 
min antibody was evaluated by the generated col- 
or. 

(4) Cloning 

Cells were taken out from the positive wells 
and subjected to cloning by the soft agar method. 
That is, a suspension of hybridomas (10 x 10 6 
cells/ml) in HT-RPMI 1640 medium containing 10% 
FCS was mixed with soft agar and the mixture was 
dividedly placed in petri dishes in an amount of 5 
ml/dish. After incubation at 37°C for 7 - 10 days, 
colonies were picked up and the positive colonies 
were evaluated to be the hybridomas producing 
anti-human ceruloplasmin monoclonal antibody. 
The above-described cloning procedure was re- 
peated twice to obtain 3 hybridomas producing 
anti-human ceruloplasmin monoclonal antibody. 

(5) Preparation of Monoclonal Antibodies 

The hybridomas were transplanted to abdomi- 
nal cavities of pristane-treated balb/c mice. Two to 
three weeks later, ascites were recovered from the 
mice. 

(6) Activity-neutralizing Ability 

Purified human ceruloplasmin and each ascites 
containing an antibody obtained in (5) were mixture 
and the mixture was subjected to 8 - 25% gradient 
SDS PAGE after incubation. Thereafter, the perox- 
idase activities of the formed antigen-antibody 
complexes were measured. In more detail, this 
procedure was carried out as follows. That is, 2 
ug/ml of purified human ceruloplasmin and each of 
the three types of the ascites each containing an 
antibody (CP3, CP4 or CP13) or PBS were mixed 
at a ratio of 1:1 (vAf), and th r suiting mixtur s 
were incubated at 37°C for 30 minutes. Thereafter, 



each of them was subjected to 8 - 25% gradient 
SDS native PAGE. The results are shown in Fig. 1 . 
In Fig. 1, W A" shows the r suits obtained by stain- 
ing with Coomassie Blue and H B" shows the results 

5 obtained by staining utilizing the peroxidase activ- 
ity. In Fig. 1, AB-CP indicates the complex of 
purified human ceruloplasmin and the monoclonal 
antibody and CP indicates purified human 
ceruloplasmin. In A and B, lane 1, lane 2, lane 3 

w and lane 4 shows the results of CP3 f CP4, CP13 
and PBS, respectively. As shown in Fig. 1, in A, 
AB-CP is observed in any of lanes 1, 2 and 3. 
However, in B, the band of AB-CP is observed only 
in lanes 1 and 3, and no AB-CP band is observed 

rs in lane 2. This indicates that the antigen-antibody 
complexes in lanes 1 and 3 have ceruloplasmin 
activities while that in lane 2 does not have the 
ceruloplasmin activity. In other words, it was shown 
that monoclonal antibody . CP4 has a ceruloplasmin 

20 activity-neutralizing ability. The hybridomas produc- 
ing CP4 and CP3, respectively, were deposited 
with NATIONAL INSTITUTE OF BIOSCIENCE AND 
HUMAN-TECHNOLOGY (formerly FERMENTA- 
TION RESEARCH INSTITUTE) of 1-3, Higashi 1- 

25 chome, Tsukuba-shi Ibarakiken 305 Japan on Au- 
gust 7, 1991 and on December 25, 1992, under the 
Budapest Treaty under an accession number of 
FERM BP-4145 and FERM BP-4133, respectively. 

30 (7) Determination of Molecular Weight of Antigen 
Fragment 

Purified human ceruloplasmin (active human 
ceruloplasmin) was subjected to 8% SDS gel elec- 

35 trophoresis and immunoblotting was carried out 
according to a conventional method to determine 
the molecular weight of the antigen fragment As a 
result, it was shown that monoclonal antibody CP4 
recognizes a molecule with a molecular weight of 

40 31 kd. 

(8) Reactivity with Inactive Human Ceruloplasmin 

Active human ceruloplasmin was heated at 
45 100°C for 3 minutes to obtain an inactive human 
ceruloplasmin. The reactivities of the thus obtained 
inactive human ceruloplasmin with CP4 and CP3 
were examined. As a result, monoclonal antibody 
CP3 reacted with the inactive human ceruloplasmin 
so but monoclonal antibody CP4 did not react there- 
with. 
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Example 2 Quantification of Active Human 
Ceruloplasmin by Sandwich ELISA 

(1) Preparation of Calibration Curve 

To each of the wells of a 96-well flat-bottomed 
microtiter plate, 100 ul of anti-human ceruloplasmin 
polyclonal antibody was placed and the microtiter 
plate was left to stand at 4°C overnight to immo- 
bilize the antibody in the wells. After washing the 
wells with PBS containing Tween 20 three times, 
300 ul of a blocking agent was added to each well, 
and the resultant was left to stand at 30°C for 2 
hours, followed by discarding of the blocking agent. 
To each of the wells, 100 ul of a human ceruloplas- 
min solution diluted to 0 - 100 ng/ml or 0 - 100 
ug/ml was placed and the resultant was incubated 
at 30°C for 2 hours. After washing the wells three 
times, 100 ul of monoclonal antibody CP4 solution 
was added to each well and the resultant was 
incubated at 30°C for 2 hours. The wells were 
washed three times and 100 ul of peroxidase- 
labelled anti-mouse IgG antibody (commercially 
available from Cappel) was added to each well. 
After incubation at 30°C for 2 hours, the wells were 
washed three times and o-phenylenediamine solu- 
tion was added to each well thereby causing a 
reaction and the reaction was stopped with 2M 
H2SO4. Absorbances of the wells at 492 nm were 
measured using a plate reader. As a result, the 
absorbance was increased with the increase in the 
human ceruloplasmin level, so that a calibration 
curve shown in Fig. 2 was obtained. By this, it was 
proved that human ceruloplasmin can be quantified 
by using the monoclonal antibody of the present 
invention. 

(2) Quantification of Active Human Ceruloplasmin in 
Normal Serum 

Sera were collected from 4 normal persons and 
10,000-fold diluted with PBS. These samples were 
subjected to the measurement as described in (1). 
From the calibration curve, the active human 
ceruloplasmin levels in sera were determined, 
which were 20 - 30 mg/dl. 

Example 3 Quantification of Active Ceruloplasmin 
by ELISA (polyclonal antibody-monoclonal antibody 
sandwich method) 

Anti-human ceruloplasmin polyclonal antibody 
(commercially available from Chemicon) as the pri- 
mary antibody was immobilized on the wells of a 
96-well microtiter plate. The immobilization was 
carried out by placing 100 ul of an antibody solu- 
tion with a concentration of 10 ug/ml in each well 
and incubating the resultant at 30°C for 2 hours or 



at 4°C overnight. Then the wells were washed three 
times with PBS containing 0.05% TWEEN 20. 
Blocking was then carri d out by placing 100 ul of 
1 - 3% BSA solution in each well and incubating 

5 the resultant at 30°C for 2 hours or at 4°C over- 
night. After washing the wells in the same manner 
as described above, 100 ul of each of samples 
(1000-fold and 10,000-fold dilutions of sera from 
normal persons and patients suffering from Wil- 

10 son's disease) was placed in each well and the 
resulting plate was incubated at 30°C for 1.5 hours. 
Further, to prepare a calibration curve, 100 ul of a 
standard human ceruloplasmin solution (0, 10, 20, 
30, 40 or 50 ng/ml) was added to. each well, and 

15 the plate was incubated in the same manner as 
described above. After washing the wells in the 
same manner as described above, 100 ul of perox- 
idase-labelled CP3 solution or peroxidase-labelled 
CP4 solution with an antibody level of 10 ug/ml as 

20 the secondary antibody was added to each well, 
and the resultant was incubated at 30°C for 1.5 
hours. After washing the wells in the same manner 
as described above, 100 ul of a reaction substrate 
containing 10 mg of o-phenylenediamine and 5 ul 

25 of hydrogen peroxide in 25 ml of citrate phosphate 
buffer was added to each well and the reaction was 
allowed to occur at 30°C for 3 minutes. Then 20 ul 
of 2 M sulfuric acid was added to each well to stop 
the reaction and the absorbance of each well was 

30 measured at 492 nm. 

The results obtained for the normal persons 
are shown in Fig. 3 and the results obtained for the 
Wilson's disease patients are shown in Fig. 4. As 
can be seen from Fig. 3, substantial differences 

35 were not observed in the ceruloplasmin levels in 
the sera of the normal persons when the 
ceruloplasmin levels were measured using mon- 
oclonal antibody CP3 or monoclonal antibody CP4, 
so that it was shown that inactive ceruloplasmin 

40 does not substantially exist in normal human. On 
the other hand, as for Wilson's disease patients, as 
can be seen from Fig. 4, since ceruloplasmin levels 
measured by using CP3 are significantly larger 
than those measured by using CP4, substantial 

45 part of the ceruloplasmin is inactive ceruloplasmin. 
Based on such a difference shown in Figs. 3 and 4, 
Wilson's disease can be diagnosed. 

Example 4 Quantification of Active Ceruloplasmin 
50 by ELISA (monoclonal antibody-monoclonal anti- 
body sandwich method) 

The same procedure as in Example 3 was 
repeated except that monoclonal antibody CP3 was 
55 used as the primary antibody and monoclonal anti- 
body CP4 was used as th secondary antibody. 
The measurements were r peated twic in different 
days. The results are shown in Fig. 5. 



6 



11 



EP0 606 516 A1 



12 



As shown in Fig. 5, although active ceruloplas- 
min is contained in the blood of normal persons in 
an amount of 20 - 40 mg/dl t in the blood of 
Wilson's diseas patients, active ceruloplasmin is 
contained in an amount of only 0 - 2 mg/dl. 

Example 5 

In the same manner as in Example 3, active 
ceruloplasmin levels in sera of normal newborns 
and of children suffering from Wilson's disease 
were determined. The results are shown in Fig. 6. 

As shown in Fig. 6, a large difference was 
observed between normal newborns and children 
suffering from Wilson's disease. It is known that 
active human ceruloplasmin does not decrease 
with growth of human (0. Epstein et aL, THE LAN- 
CET, Feb. 7, 1981, p303). Therefore, it was proved 
that Wilson's disease can be definitely diagnosed 
by the method of the present invention. 

Comparative Example 1 

Using a conventional polyclonal antibody, 
ceruloplasmin levels of normal newborns and of 
children suffering from Wilson's disease were mea- 
sured by the conventional TIA method. The results 
are shown in Fig. 7. 

As shown in Fig. 7, significant differences were 
not observed between normal newborns and chil- 
dren suffering from Wilson's disease. This is be- 
cause that by this conventional method, not active 
ceruloplasmin but total ceruloplasmin is measured. 

Claims 

1. A monoclonal antibody which specifically 
reacts with active human ceruloplasmin, which 
neutralizes the peroxidase activity of the active 
human ceruloplasmin upon binding thereto, 
and which does not specifically react with inac- 
tive human ceruloplasmin. 

2. The monoclonal antibody of claim 1, which is 
monoclonal antibody CP4 produced by 
hybridoma CP4 (FERM BP-4145). 



5. The method of claim 4, wherein an antibody 
which specifically reacts with both active and 
inactive human ceruloplasmin is used as the 
primary antibody, and said monoclonal anti- 

5 body of claim 1 or 2 is used as the secondary 

antibody. 

6. A method for diagnosing Wilson's disease 
comprising quantifying active human 

70 ceruloplasmin in a human body fluid by an 

immunoassay utilizing the specific binding re- 
action between said monoclonal antibody of 
claim 1 or 2 with active human ceruloplasmin 
contained in said body fluid. 

15 

7. The method 'of claim 6, wherein -the active 
human ceruloplasmin level in said body fluid is 
not more than 5 mg/dl. 

20 8. The method of claim 6, wherein said im- 
munoassay is carried out by a sandwich 
ELISA. 

9. The method of claim 8, wherein an antibody 
25 which specifically reacts with both active and 

inactive human ceruloplasmin is used as the 
primary antibody, and said monoclonal anti- 
body of claim 1 or 2 is used as the secondary 
antibody. 

30 

10. The method of claim 9, wherein said primary 
antibody is monoclonal antibody CP3 pro- 
duced by hybridoma CP3 (FERM BP-4133) 
and said secondary antibody is monoclonal 

35 antibody CP4 produced by hybridoma CP4 

(FERM BP-4145). 

11. A hybridoma producing the monoclonal anti- 
body of claim 1 . 

40 

12. The hybridoma CP4 (FERM BP-4145) produc- 
ing the monoclonal antibody of claim 1 . 

13. Use of said monoclonal antibody of claim 1 or 
45 2 as a diagnostic for Wilson's disease. 



3. A method for detecting or quantifying active 
human ceruloplasmin comprising carrying out 

an immunoassay utilizing the specific binding so 
reaction between said monoclonal antibody of 
claim 1 or 2 with active human ceruloplasmin. 

4. The method of claim 3, wh rein said im- 
munoassay is carried out by a sandwich 55 
ELISA. 
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